Calcif Tissue Int (2003) 73:217-224
DOI: 10.1007/s00223-002-1066-x

%a]ciﬁed
1ssue
International

© 2003 Springer-Verlag New York Inc.

Dual Hip Bone Mineral Density in Postmenopausal Women:
Geometry and Effect of Physical Activity

R. A. Brownbill," C. Lindsey,' Z. Crncevic—Orlic,” J. Z. Tlich
'School of Allied Health, University of Connecticut, Storrs, CT 06269, USA

*Medical Clinical Centre, Endocrinology Department, Rijeka, Croatia

Received: 25 July 2002 / Accepted: 13 January 2003 / Online publication: 21 May 2003

Abstract. The objectives of this study were to (1) obtain
both femoral neck strength (FNS) and hip axis length
(HAL) values from left and right femurs (regardless of
hip dominance) measured by DXA and evaluate their
relationship with BMD of all hip regions including total
hip, (2) determine if there is a difference between dom-
inant and nondominant hip BMD in any of the hip re-
gions, and (3) determine how physical activity influences
hip BMD. Participants were 136, generally healthy
Caucasian women (57.4-88.6 years). BMD was meas-
ured by DPX-MD. Past and present activity was as-
sessed by the Allied Dunbar National Fitness Survey for
older adults and normal/brisk walking pace was meas-
ured in a straight hallway. FNS analysis uses femoral
geometry to calculate stresses at the femoral neck for
two loading conditions: Safety Factor Index (SF) indi-
cates risk of fracture for forces generated during a one-
legged stance, and Fall Index (FI) indicates risk of
fracture for forces generated during a fall on the greater
trochanter. Simple and multiple regression analyses
were used to determine predictive ability of HAL, SF,
and FI for respective hip BMD values. There was no
statistical difference in BMD between two hips in any of
the measured regions, however, the nondominant hip
correlated better with other skeletal sites. Subjects with a
faster normal walking speed had higher neck BMD in
the nondominant hip, 0.832 £ 0.12 vs. 0.791 + 0.10
g/em® (P < 0.05). Longer HAL of the left hip was ne-
gatively related to neck, trochanter, shaft, and total hip
BMD. FI was significantly associated with all sites of the
hip BMD, while SF was associated only with neck and
wards BMC (P < 0.05). In summary: (1) a longer HAL
is associated with lower BMD and a higher FI with
higher BMD, (2) it might be sufficient to measure BMD
in only the nondominant hip, and (3) walking at a faster
pace may positively benefit femoral neck BMD. There-
fore, it appears that HAL, SF, and FI all play important
roles in estimating fracture risk and should be assessed
along with BMD when using DXA.
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Hip geometry, including hip axis length (HAL) and
femoral neck strength (FNS), have previously been
suggested to relate independently to hip fracture risk;
however, studies showing this relationship have mainly
been limited to radiographic assessment [1, 2]. Software
for measuring HAL and FNS with DXA became
available in late eighties for research purposes only. This
software evaluates hip strength via two components:
Safety Factor (SF), indicating forces generated during a
one-legged stance, and Fracture Index (FI), indicat-
ing forces generated during a fall on the greater tro-
chanter. These values are calculated using femoral neck/
shaft angle, neck diameter, bone mineral density
(BMD), and bone mineral content (BMC). There are
just a few studies examining hip geometry assessed by
dual-energy X-ray absorptiometry (DXA) as a poten-
tial indicator of fracture risk [3] or as a predictor of
BMD [2].

Both HAL and FNS influence hip fracture, although
these relationships are not always clear due to different
radiological tools used to calculate these values and
different study conditions. Long HAL and larger neck-
shaft angles have often been considered independent risk
factors for osteoporosis, but studies do not always show
this to be the case. Some studies reported a longer HAL
and larger femoral neck-shaft angle in patients with
fractures compared with controls[4-7]. Others found no
difference in HAL in fracture vs. control groups, which
these authors suggest could be due to differences in
measurement setup or to an artifact of positioning [1, 8].
Some studies have reported FNS to be positively asso-
ciated with hip BMD [3, 9, 10], indicating FNS may be
an important factor in estimating fracture risk and
should be measured along with BMD. However, previ-
ous studies that assessed HAL and FNS failed to assess
calcium intake in their subjects, which is an important
nutrient to bone health and should be assessed as a
confounder in statistical analyses.

Typically, one’s fracture risk and the presence of
osteoporosis are determined by measuring BMD of the
hip and spine [11]. Conventionally, the nondominant
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hip, determined based on the forearm dominance, has
been used for the assessment of bone status. With the
development of the dual hip software, both hips are
measured, though it is not clear if this is necessary.
Previous studies report high correlations between the
hips at the femoral neck, Ward’s triangle, and tro-
chanter regions [12-17]. However, some of these same
studies also report significant mean differences between
specific hip regions which suggest both hips might need
to be measured [12, 14 15, 17, 18], while others suggest
one hip is sufficient [13-16]. This discrepancy in the
literature could be due to different subject populations,
the use of different technologies, or the failure to take
into consideration hip dominance when comparing left
to right hip. Only one of these studies considered hip
dominance when comparing hip BMD [17]. Hip domi-
nance should be considered when assessing hip BMD
since daily activities could favor one’s dominant side. If
there truly were a difference between the hips, estimates
of BMD of only one hip could result in misclassification
of osteoporosis diagnosis and ultimately one’s fracture
risk. On the other hand, if the BMDs of the two hips
were similar, then BMD estimates of either hip could be
used for the above purposes.

Numerous studies show hip BMD measured in one
hip correlates well with other measured skeletal sites
including the spine, whole body, and forearm. However,
hip dominance is not addressed making it unclear if the
nondominant or dominant hip could provide a better
estimate of BMD in these skeletal sites [14, 19].

This study was conducted to (1) obtain both FNS
and HAL values from left and right femurs (regard-
less of hip dominance) and evaluate their relation-
ship with femoral BMD; (2) determine if BMD of both
hips needs to be measured using DXA and whether
dominant or nondominant hip correlates better with
other skeletal sites, and (3) determine how past and
present physical activity relates to hip BMD and hip
geometry.

In our previous analysis of this population we found
calcium intake and lean and fat tissue to influence BMD
of various skeletal sites; therefore, they were included as
confounders [20].

Experimental Subjects

This study is part of a larger longitudinal clinical trial
and includes 136 Caucasian, generally healthy, post-
menopausal women, ages 57.4-88.6 years, free of med-
ications known to affect bone, including hormone
replacement therapy. Forty-six subjects reported having
osteoarthritis. Study population is described in detail
elsewhere [21, 22]. The Institutional Human Subjects
Review Board approved the study protocol and subjects
signed informed consent.

Materials and Methods
Study Design

Data from the baseline visit were used for measuring hip
geometry, including hip strength and hip axis length. Hip
dominance was not taken into consideration when hip geom-
etry was measured. The 6-month-visit data, which consisted of
the same study cohort but fewer subjects (N = 123), was
used to assess whether both hips need to be measured and to
determine if the average of both hips or one of the hips cor-
relates better with other skeletal sites. We used two different
data sets because at baseline only about 75% of subjects had
both hips measured (when the dual software became availa-
ble). In the 6-month visit, each subject had both hips meas-
ured, which allowed for direct comparison of their hips.
For subjects missing one of the hips at baseline, we used their
6-month data for the missing hip and, therefore, had a larger
data set for measuring hip geometry. The subjects with hip
implants were excluded. The 6-month data were also used to
determine how walking speed and past activity influence hip
BMD. Subjects’ hips in the 6-month visit were labeled as
either dominant or nondominant based on hand dominance.
If subjects were left handed, their left hip was considered
their dominant hip. Therefore, left-handed subjects had their
left hip categorized with right-handed subjects’ dominant
right hips.

Anthropometry and Bone Densitometry

Weight and height were measured in light clothes without
shoes to calculate BMI (kg/m?). BMD (g/cm?) was measured
by dual X-ray absorptiometry with a Lunar DPX-MD in-
strument (GE Medical Systems, Madison, WI) using special-
ized software for total body, lumbar spine, dual femur (neck,
trochanter, Ward’s triangle, shaft, and total femur) and fore-
arm (ulna and radius at ultradistal and 1/3 distal region
measured from the styloid process and total forearm) as de-
scribed previously [23]. Dual femur acquisition was obtained
with subjects lying supine with both feet secured in a brace
provided by the manufacturer. Each leg was rotated inward to
a maximum internal rotation without subjects feeling uncom-
fortable. Quality assurance was performed daily. The in vivo
and in vitro precision of our densitometer was reported pre-
viously [23].

The total body scan provided a measure of lean and fat
tissues, which were used in multiple regression analysis as
confounders. Hip axis length and hip strength were calculated
from the DPX 3.7 beta version software. This software never
received FDA approval due to limited accuracy in research
studies and therefore is used for research purposes only.
Currently, the only FDA approved method for measuring
HAL is with the Lunar "Prodigy-Vision" which recently be-
came available for clinical use. The HAL measurement in-
cludes the length of the femur and a portion of the pelvis. Hip
strength analysis uses femoral neck geometry to calculate
stresses at the femoral neck for two loading conditions, forces
generated during a one-legged stance (SF), and forces gener-
ated by a fall on the greater trochanter (FI). SF and FI are
referred to as safety factors and are obtained from four hip
regions: shaft axis, neck axis, femoral head, and femoral
neck. As SF and FI values get closer to ““1,” the risk of frac-
ture increases. The FI is calculated as the ratio of the yield
stress of the superior femoral neck in comparison to Cstress
(total compressive stress) [2]. SF force is calculated by the
same principles as FI using the force generated during walk-
ing. This force is equal to 2.5 times one’s body weight at an
angle of 13° measured from a vertical position and indi-
cates the resistance to fracture of the femoral neck while
walking [2]. The calculated coefficients of variation in our
laboratory for HAL, SF, and FI were comparable to other
published values [2].
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Table 1. Descriptive characteristics (mean + SD) for anthropometries, body composition, bone variables, hip axis length, hip
strength, physical activity, and calcium intake for subjects at baseline (n = 136)

Variable Mean + SD Min-Max
Age (years) 68.6 + 7.1 57.4-88.6
Weight (kg) 68.0 = 11.3 44.8-104.9
Height (cm) 161.7 £ 6.8 143.9-179.0
Body mass index (kg/m?) 26.0 £ 3.8 17.2-38.0
Lean tissue (kg) 38.0 + 4.3 27.8-48.9
Fat tissue (kg) 26.1 £ 7.7 7.7-50.2
TBBMD (g/cmz)"‘ 1.077 + 0.09 0.770-1.302
Lumbar spine BMD (g/cm?) 1.075 + 0.20 0.786—-1.900
Left femoral neck BMD (g/cm?) 0.802 + 0.11 0.572-1.142
Left HAL (mm)® 101.1 + 8.7 82.7-161.3
Left SF¢ 47 £ 14 1.9-10.1
Left FI¢ 1.4 £ 04 0.6-4.9
Right Femoral Neck BMD (g/cm?) 0.803 + 0.12 0.535-1.216
Right HAL (mm)® 100.6 + 7.1 84.6-122.5
Right SF¢ 49 £ 19 2.3-14.5
Right FI¢ 1.4 £ 0.4 0.7-2.7
Present walking (hours/week) 14 + 1.74 0-8.5
Steps climbed per day 86.8 + 85.8 0-490
Past activity (% of adult life)° 45 + 34 0-100
Calcium (mg/day) 834 + 365 250-1857

a TBBMD = total body bone mineral density
" HAL = hip axis length

¢ SF = safety factor
4 FI = fracture index

¢ Past activity =

Calcium Intake/Physical Activity

Ca intake from food was assessed during the baseline visit
using a shortened food frequency questionnaire [24]. Physical
activity was assessed using the Allied Dunbar National Fitness
Survey for older adults [25] and described earlier [20]. This is a
validated questionnaire used since the late 1980s to assess ac-
tivity patterns and fitness levels in adults aged 16 and over.
There are two versions of the questionnaire, one for adults
under age 70, and one for age 70 and over, which was used in
this study. In short, past-activity was assessed as percent of
adult life, from age 18 to present, engaged in sport and rec-
reational activities of an intensity of at least 4 kcal/min. Ac-
tivities such as tennis, aerobics, swimming, and cycling had to
be conducted on a basis of at least once a week for at least 3
months of the year. Percent of adult life was calculated based
on the number of years since age 18, and the number of years
actually engaged in regular activity with 3—12 months of reg-
ular activity equaling 1 year.

Normal and brisk walking speed was measured in an 8-m
straight hallway. Subjects were told to first walk from one end
of the hall to the other as if they were walking in their home
down a hallway. Brisk walking was measured the same as
normal walking except subjects were told to walk as fast as they
can without running. Time was measured in seconds with a
stopwatch, rounded to the nearest hundredth of a second. The
average of two trials for both normal and brisk walking was
taken. Present hours of walking per week were also recorded, as
well as the time and frequency of continuous walks of at least 20
minutes in a 4-week period [20]. Stair climbing was assessed as
number of flights climbed a day on average both at home and
outside of the home. The number of steps per flight was re-
corded to assess the total daily number of stairs climbed [20].

Statistical Analysis

All data are presented as mean + SD, unless otherw1se stated,
and are analyzed using statistical package Data Desk® (Odesta

% of adult life since age 18 engaged in regular physical activity

Corp, Northbrook, IL). Pearson correlation coefficient r was
calculated to determine the degree of association between
nondominant and dominant hip and other skeletal sites, as
well as the relationship between hip geometry and hip BMD.
Subjects from the 6-month data set were divided into groups
below and above the mean for past activity, brisk and normal
walking speed, and stair climbing to assess group differences in
hip BMD. Two sample t-tests were conducted to determine
group differences in past activity, brisk and normal walking
speed, and stair climbing for each hip site.

Multiple regression models were created to evaluate the
influence of hip strength and hip axis length on hip BMD.
Each model was corrected for age, lean and fat tissue, past
activity, and calcium intake. Level of significance was set at
P < 0.05.

Results

Baseline Data—Hip Geometry

Table 1 lists descriptive characteristics for all subjects
participating in the baseline visit, including anthrop-
ometry, bone and soft tissue measurements, hip geom-
etry, present walking, steps climbed per day, past
activity, and calcium intake.

Both left and right HAL were significantly related to
standing height, r = 0.45 and 0.53, respectively, P <
0.0001. Left HAL had a significant negative relationship
to BMD in the left femoral neck, trochanter, shaft, and
total hip regions in multiple regression models (Table 2),
which were corrected for age, lean and fat tissue, calci-
um intake, and past physical activity. Left and right
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Table 2. Multiple regression models with BMD of different hip sites as dependent variables. Models were controlled for age, lean

and fat tissue, calcium intake, and past physical activity

Dependent variable Explanatory variables® Coeflicient t-ratio P-level Rz(adj) of the model

Left femoral neck FI1 0.5¢7! 2.46 0.0153 40.3
HAL -2.5¢73 -2.55 0.0121

Right femoral neck FI 0.1 4.00 0.0001 42.7
HAL —-8.1e™* -0.57 0.5694

Left Ward’s triangle FI 0.3¢™" 1.33 0.1846 322
HAL -1.9¢73 -1.70 0.0915

Right Ward’s triangle FI 0.1 3.60 0.0005 29.4
HAL -3.6e74 -0.21 0.8307

Left trochanter FI 0.7¢7! 2.92 0.0042 38.9
HAL -3.7¢73 -3.26 0.0015

Right trochanter FI 0.1 3.83 0.0002 39.1
HAL —1.4¢73 -0.95 0.3453

Left shaft FI 0.8¢7! 2.94 0.0039 35.3
HAL —4.1¢73 -2.90 0.0044

Right shaft FI 0.2 4.36 < 0.0001 37.9
HAL -2.8¢73 -1.41 0.1621

Left total hip FI 0.7¢”! 2.98 0.0035 39.8
HAL -3.5¢73 -3.10 0.0025

Right total hip FI 0.1 4.28 < 0.0001 41.0
HAL -1.8¢73 -1.13 0.2613

# HAL = hip axis length, FI = fracture index

Table 3. Descriptive characteristics (mean + SD) for regions of hip, Pearson’s r, and mean % difference for dominant and

nondominant hip in subjects at the 6-month visit (n = 123)

Mean + SD
Variable (g/cm?) Dominant Nondominant r (P < 0.0001) Mean % difference
Femoral neck BMD 0.811 = 0.13 0.810 = 0. 0.90 0.2
Ward’s triangle BMD 0.663 + 0.13 0.671 £ 0.13 0.88 1.6
Trochanter BMD 0.717 £ 0.13 0.726 + 0.13 0.94 1.5
Shaft BMD 1.021 = 0.15 1.032 + 0.15 0.95 1.3
Total hip BMD 0.863 + 0.13 0.867 + 0. 0.96 0.7

HAL had a negative relationship with other hip regions,
though it did not reach statistical significance.

Hip strength was represented by two values: FI rep-
resents a fall index indicating risk of fracture for forces
generated on a fall on the greater trochanter, and SF
represents risk of fracture for forces generated during a
one-legged stance. As both values get closer to “1,” the
fracture risk increases. In simple regression, left and
right SF and FI were not significantly related to any
skeletal sites. In multiple regression (Table 2), left FI
was a significant predictor of the left femoral neck,
trochanter, shaft, and total hip regions. Right FI was a
significant predictor for all regions of the right hip. Left
SF was a significant predictor of only left femoral neck
BMC in multiple regression (data not presented). Simi-
larly, right SF was a significant predictor of only right
femoral neck and Ward’s triangle BMC in multiple re-
gression (data not presented). Present activity, including
total hours of walking a week and steps climbed per day,

were significantly related to SF and FI in the right hip
only (P < 0.05).

Six-Month Data—Hip Dominance and Influence of Physical
Activity

Table 3 lists the mean + standard deviatioin (SD) for
subjects’ dominant and nondominant hips. Pearson’s r
and mean percent differences were calculated to examine
simple relationships between five regions of the domi-
nant and the nondominant hip (Table 3). Both hips were
significantly correlated at all five regions of the hip, with
the strongest relationship in the total hip region,
r =096, P < 0.0001 (Fig. 1) and the weakest in the
Ward’s triangle, r = 0.88, P < 0.0001. The Ward’s
triangle region showed the largest and the femoral neck
the smallest percent mean difference (1.6% and 0.2%,
respectively).



R. A. Brownbill et al.: Dual Hip BMD: Geometry and Effect of Physical Activity 221

z

1.2 +

30

r=0.96, p<0.0001

1.0 +

3053 —-300

0.8 +

—o +t 0o —

0.6 +

v -

0.6 0.8 1.0
Dominant Total Hip

The normal and brisk walking speed was 1.4 and 2.2
m/second, respectively, and ranged 0.76-2.45 and 1.10—
3.12 m/second, respectively. Subjects were stratified into
groups below and above the mean for normal and brisk
walking speed, stair climbing, and past physical activity.
Two sample t-tests were used to assess group differences.
There were no significant differences in BMD between
brisk walking speed, stair climbing, and past physical
activity. Subjects with a faster normal walking speed
had higher femoral neck BMD in the nondominant hip,
0.832 + 0.12vs.0.791 + 0.10 g/em? (P < 0.05) (Fig. 2).

Table 4 lists correlations between the hips and other
skeletal sites. The nondominant hip correlated better
than the dominant hip with total body and forearm
BMD. All regions of both hips correlated similarly with
the lumbar spine, except for the nondominant Ward’s
triangle and the dominant total hip region which both
had stronger correlations with spine. Averaging the two
hips together produced smaller correlations with other
skeletal sites compared with the nondominant hip for
the whole body and forearm and the dominant hip for
the lumbar spine.

Discussion

Our data suggest the following: (1) A longer HAL is
associated with lower hip BMD, while a higher fracture
index value is associated with higher hip BMD, (2) The
nondominant hip appears sufficient for measuring hip
BMD, (3) Walking at a faster pace may benefit hip
BMD.

Our results are in agreement with other studies that
show a longer HAL is associated with lower BMD.

1.2 Fig. 1. Scatterplot of dominant and non-
dominant total hip region BMD (g/cm?).

0.84
p<0.05
0.82
0.8
0.78
0.76

0.74

0.72

Nondominant Femral Neck BMD (gfcmz)

< l42 >
Normal Walking Speed (m/sec)
Fig. 2. Difference in femoral neck BMD (mean + SE) for

below and above the average normal walking speed (1.42 m/
second), P < 0.05.

Gnudi et al. [5] found a longer HAL in postmenopausal
women with a hip fracture compared with controls.
Similarly, Boonen et al. [4] found a significantly higher
HAL in postmenopausal women with hip fracture
compared with osteoporotic women. Michelotti and
Clark [8] found femoral neck length to be position
sensitive which may explain why some studies show
fracture groups to have a greater HAL and others do
not [1]. Michelotti and Clark [8] found a larger femoral
neck/shaft angle in their fracture group, indicating that
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Table 4. Pearson’s r between BMD of dominant, nondominant, average of two hips, and other skeletal sites

Hip region BMD Hip side Total body Lumbar spine L,—L4 Forearm UD Forearm 1/3 Total forearm
Femoral neck Dominant 0.70 0.51 0.40 0.42 0.44
Nondominant 0.72 0.51 0.48 0.51 0.54
Average 0.69 0.49 0.48 0.49 0.52
Ward’s triangle Dominant 0.69 0.54 0.43 0.48 0.50
Nondominant 0.73 0.55 0.50 0.57 0.58
Average 0.71 0.54 0.50 0.55 0.57
Trochanter Dominant 0.71 0.62 0.43 0.46 0.47
Nondominant 0.75 0.62 0.50 0.50 0.53
Average 0.71 0.60 0.50 0.50 0.52
Shaft Dominant 0.74 0.56 0.47 0.50 0.54
Nondominant 0.77 0.56 0.54 0.55 0.59
Average 0.72 0.53 0.53 0.54 0.58
Total hip Dominant 0.77 0.62 0.48 0.51 0.54
Nondominant 0.79 0.56 0.54 0.55 0.59
Average 0.75 0.58 0.54 0.55 0.58

All values at P < 0.0001. Forearm UD BMD = BMD of the ultradistal region of the forearm and Forearm 1/3 BMD = BMD
of 1/3 distal region of the forearm (radius and ulna) measured from the styloid process.

hip geometry plays a role in determining hip fracture
risk. Crabtree et al. [3] found both hip strength and
HAL improved the ability to identify women at high
risk of hip fracture. In an earlier study they found
substantial geographical differences in femoral neck
geometry as well as in BMD, and these variations may
contribute to the large variations in hip fracture risk [2].

No studies could be found assessing the relationship
between BMD and risk of fracture indices (SF and FI)
calculated from GE DPX beta software, or investigating
hip dominance and the relationship with other skeletal
sites. However, Crabtree et al. [3] did use DPX beta
versions of hip strength analysis to determine compres-
sive strength (Cstress) which occurs as a result of a
typical fall on the greater torchanter. They found
Cstress and HAL combined with age and BMI provided
a significantly better prediction of hip fracture than
femoral neck BMD alone. We found both the left and
right Fall Index (value calculated using Cstress) to be
significant predictors of left and right femoral BMD.
Present walking and stair climbing were found to be
positively associated with SF and FI. It therefore ap-
pears that physical activity may have a positive influence
on hip strength, and studies which do not find a signif-
icant association with activity and BMD may find it
with hip strength. Including FI in multiple regression
analysis significantly improved the adjusted R* (Table 2)
for all sites of the hip, except for Ward’s triangle.
Therefore, our results agree with Crabtree et al. [3]
connotations that identifying women at high risk of hip
fracture is likely to be significantly enhanced by com-
bining bone density with age, simple anthropometry,
and hip geometry, the latter including both hip axis
length and hip strength analysis.

There were no significant differences in BMD be-
tween the dominant and nondominant hip in any of the

hip sites. The BMD of the nondominant hip did tend to
be slightly higher (not statistically significant) than
BMD of the dominant hip for all regions except the
neck. Yang et al. [17] also found the nondominant hip to
be slightly higher than the dominant hip, with signifi-
cant differences in the femoral neck and trochanter
regions. Due to a large interfemur paired difference,
Yang et al. [17] indicated the need to measure BMD in
both hips to achieve an optimal evaluation of BMD
status. Overall we found low mean differences in BMD
(neck = 0.2%, Ward’s = 1.6%, trochanter = 1.5%,
and shaft = 1.3%). These values are comparable with
Franck et al. [12] and Bonnick et al. [15] who found
mean differences in BMD of neck = 0.7%, Ward’s =
0.2%, and trochanter = 1.9%. Although Bonnick et al.
[15] found high individual variations similar to those
of Yang et al. [17] they concluded it is not necessary
to measure both hips since the risk of misclassifying
an individual for fracture is low. Therefore, it appears,
based on our results and previous studies, measuring
one hip is sufficient for estimating fracture risk. Since
we found the nondominant hip correlated better than
the dominant with other skeletal sites except the lum-
bar spine, it may be the hip of choice for measuring
BMD.

When we compared subjects with greater than or less
than the average normal walking speed (mean = 1.42
m/second), we found faster walkers to have significantly
higher nondominant hip BMD in the femoral neck re-
gion. Faster walkers also had higher dominant femoral
neck BMD, but it did not reach statistical significance.
This may indicate that physical activity influences BMD
in each hip differently or it is possible that osteoarthritis
(self-reported by about one-third of our subjects) may
contribute to the difference. Yang et al. [17] found hip
dominance to have little effect on hip BMD, suggesting
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that osteoarthritis may be influencing hip BMD, espe-
cially if subjects tend to favor one side over the other.
Our results are in agreement with Aoyagi et al. [26] who
found faster female walkers over age 40 to have signif-
icant calcaneus BMD increases of 4.4-5.4% per stand-
ard deviation increase in walking speed. Intervention
trials have also found that, in postmenopausal women,
walking at a speed that kept their heart rate above their
anaerobic threshold for seven months was effective in
preventing bone loss in the lumbar spine [27]. Based on
the above evidence, it appears brisk walking may posi-
tively benefit both hip and spine BMD in postmeno-
pausal women. We did not find a relationship between
stair climbing and hip BMD, probably because of less
engagement of our participants in those activities. Our
previous analysis in this population revealed a signifi-
cant association of present walking (h/wk) and past
physical activity with BMD of various hip regions [20].
Those were either multiple regression and/or subgroup
analyses controlled for dietary intake, anthropometry,
body composition, and other lifestyle modifiers. The
main focus of this article was the relation of hip geom-
etry to BMD and evaluation of dominant and non-
dominant hip. Elaborating more on various other
lifestyle parameters (affecting BMD) would have de-
tracted from the main focus.

The results of this cross-sectional analysis emphasize
several key points: When measuring hip BMD with
DXA, HAL and FNS may help improve the ability to
identify women at risk of hip fracture. A more precise
method for measuring hip strength needs to be devel-
oped in order for future studies to assess the relationship
between hip geometry parameters and hip BMD/frac-
ture risk. It does not appear necessary to measure both
hips, and if measuring only the hip region for osteopo-
rosis diagnosis, the nondominant hip should be meas-
ured since it correlates better with other skeletal sites.
Finally, walking at a faster pace should be recom-
mended as a form of activity that may positively affect
hip BMD in postmenopausal women.
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